Client ' s ref : 

File : 0757-94 14usf/ Jasper Jia 

TITLE 

ASSEMBLY OF BEAM SPLITTERS 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This invention relates to an assembly of beam 

splitters, and more particularly, to a rangefinder 
utilizing the assembly of beam splitters. 
Description of the Related Art 

Fig. 1 schematically shows a conventional optical 

10 rangefinder, which is disclosed in US Patent 6,441,887. 
In this patent, the optical range-finder 10 includes a 
viewing/emitting optical system 11 and a receiving system 
12; wherein the viewing/emitting optical system 11 
includes a prism unit 13, a first object lens 14, an 

15 emitter 15, a display 16 and an ocular lens 17. After 
measuring the distance between the user and the object, 
the display 16 shows the distance. 

In this optical rangefinder 10, the display 16 is a 
transmitted LCD. When visible light enter the 

20 viewing/emitting optical system 11, the display 16 shows 
the distance by passing visible light through the display 
16. However, the optical rangefinder 10 is used in the 
dark environment, only a few light enters the 
viewing/emitting optical system 11. Therefore, the data 

25 shown by the LCD 16 is indistinct. 
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SUMMARY OF THE INVENTION 

To solve the above problems, it is an object of the 
present invention to provide an assembly of beam 
splitters for applying in an optical rangef inder . 
5 According to the object of the invention, the 

assembly of beam splitters includes a triangle prism, a 
roof-prism and a complementary prism. The assembly of 
beam splitters has four emitting/receiving surfaces. The 
roof-prism has a first emitting/receiving surface, the 

10 triangle prism has a second emitting/receiving surface, 
and the complementary prism has a third 
emitting/receiving surface and a fourth 

emitting/receiving surface. When a beam of first 
wavelength enters the assembly of beam splitters through 

15 the second emitting/receiving surface, the beam of first 
wavelength leaves the assembly of beam splitters from the 
first emitting/receiving surface. When a beam of second 
wavelength enters the assembly of beam splitters through 
the third emitting/receiving surface, the beam of second 

20 wavelength leaves the assembly of beam splitters from the 
second emitting/receiving surface. When a beam of third 
wavelength enters the assembly of beam splitters through 
the fourth emitting/receiving surface, the beam of third 
wavelength leaves the assembly of beam splitters from the 

25 first emitting/receiving surface. 

One aspect of the optical rangefinder of the present 
invention includes a viewing/emitting optical system 
having a first object lens, the assembly of beam 
splitters, an emitter, a display and an ocular lens, and 
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a receiving optical system having a second object lens 
and a detector. 

Another aspect of the optical rangefinder of the 
present invention includes a viewing/receiving optical 
5 system having a first object lens, the assembly of beam 
splitters, a detector, a display and an ocular lens, and 
an emitting optical system having a second object lens 
and an emitter. 

The optical rangefinder of the invention utilizes a 
10 display illuminating actively. Thus, the optical 
rangefinder can operate well in the dark environment. 

' BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
15 examples with references made to the accompanying 
drawings , wherein : 

Fig. 1 schematically shows an optical range-finder 
disclosed in U.S. Patent 6,441,887; 

Fig. 2 schematically shows an assembly of beam 
20 splitters of this invention; 

Figs. 3A to 3C schematically show the ray tracings 
of different wavelengths in the assembly of beam 
splitters; 

Fig. 4 schematically shows an optical rangefinder 
25 using the assembly of beam splitters; 

Fig. 5 schematically shows a transmitted spectrum of 
a film of a triangle prism; 
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Fig. 6 schematically shows another optical 

rangefinder of the invention using the assembly of beam 
splitters; 

Fig. 7 schematically shows another optical 

5 rangefinder of the invention using the assembly of beam 
splitters; 

Fig. 8 schematically shows another optical 

rangefinder of the invention using the assembly of beam 
splitters . 

10 DETAILED DESCRIPTION OF THE INVENTION 

Fig. 2 schematically shows the assembly of beam 
splitters of this invention. The assembly of beam 
splitters 20 includes a roof-prism 21, a triangle prism 
22 and a complementary prism 23. The roof-prism 21 has a 

15 roof surface 211, a reflecting surface 212 and first 
emitting/receiving surface 213. The triangle prism 22 has 
a total internal reflecting surface (TIR-surface) 221, a 
reflecting surface 222 and a second emitting/receiving 
surface 223, wherein the reflecting surface 222 reflects 

20 a beam of first wavelength. The reflecting surface 222 
and the second emitting/receiving surface 223 form an 
included angle of 108° , the TIR-surface 221 and the 
second emitting/receiving surface 223 form and included 
angle of 48° , and the TIR-surface 221 and the reflecting 

25 surface 222 form an included angle of 24° . The TIR- 
surface 221 of the triangle prism 22 is adjacent to the 
reflecting surface 212 of the roof-prism 21. The 
complementary prism 23 includes a third 

emitting/receiving surface 231 and a fourth 



4 



Client's ref : 

File : 0757-94 14usf/ Jasper Jia 

emitting/receiving surface 232 , and the complementary 
prism 23 is located adjacent to the reflecting surface 
222 of the triangle prism 22. The fourth 
emitting/receiving surface 232 and the third 
5 . emitting/receiving surface 231 form an included angle of 
132D, and the fourth emitting/receiving surface 232 and 
the second emitting /receiving surface 223 form an 
included angle of 132D. 

Referring to Fig. 3A, after the beam of first 

10 wavelength rl enters the triangle prism 22 from the 
second emitting/receiving surface 223, the beam of first 
wavelength rl is reflected by TIR-surface 221 of the 
triangle prism 22 so as to travel toward the reflecting 
surface 222. The film surface 222 reflects the beam of 

15 first wavelength rl, and then the beam of first 
wavelength rl is incident on TIR-surface 221 at an 
incident angle smaller than the critical incident angle 
and passes TIR-surface 221. The beam of first wavelength 
rl is incident on the reflecting surface 212 and enters 

20 the roof-prism 21. In the roof-prism 21, the beam of 
first wavelength rl is sequentially reflected by the 
first emitting/receiving surface 213, the roof surface 
211 and the reflecting surface 212, and is incident on 
the first emitting/receiving surface 213 at an incident 

25 angle smaller than the critical incident angle. The beam 
of first wavelength rl passes the first 
emitting/receiving surface 213 and then is emitted from 
the roof-prism 21. 

Referring to Fig. 3B, after the beam of second 

30 wavelength r2 is incident on the third emitting/receiving 
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surface 231 of the complementary prism 23, the beam of 
second wavelength r2 passes the reflecting surface 222 
between the complementary prism 23 and the triangle prism 
22 and enters the triangle prism 22. In triangle prism 
5 22, the beam of second wavelength r2 follows the path of 
the beam of first wavelength rl. Thus, the beam of second 
wavelength r2 is reflected by the TIR-surface 221 and 
leaves the assembly of beam splitters 20 via the second 
emitting/receiving surface 223. Similarly, the beam of 

10 second wavelength r2 can reversely enter the triangle 
prism 22 through the second emitting/receiving surface 
223, and then leaves the assembly of beam splitters 20 
through the third emitting/receiving surface 231 of the 
complementary prism 23. 

15 Referring to Fig. 3C, the beam of third wavelength 

r3 is incident on the fourth emitting/receiving surface 
232 of the complementary prism 23, and then the beam of 
third wavelength r3 passes the reflecting surface 222 
between the complementary prism 23 and the triangle prism 

20 22, and the TIR-surface 221. Thus, the beam of third 
wavelength r3 enters the roof-prism 21. In the roof-prism 
21, the beam of third wavelength r3 follows the path of 
the beam of first wavelength rl, and leaves the assembly 
of beam splitters 20 through the first emitting/receiving 

25 surface 213. Similarly, the beam of third wavelength r3 
can reversely enter the roof-prism 22 through the first 
emitting/receiving surface 213, and then leaves the 
assembly of beam splitters 20 through the fourth 
emitting/receiving surface 232 of the complementary prism 

30 23. 
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First Embodiment 

Fig. 4 schematically shows an optical rangefinder 
using the assembly of beam splitters. As shown in Fig. 4, 
the optical rangefinder 30 includes a receiving optical 
5 system 32 and a viewing/emitting optical system 31. The 
viewing/emitting optical system 31 includes a first 
object lens 34, the assembly of beam splitters 20 
mentioned above, a display 35, an emitter 36 and an 
ocular lens 37. The receiving optical system 32 includes 

10 a second object lens 38 and a detector 39. 

Image of visible light produced by a target enters 
the optical range-finder 30 through the first object lens 
34, and then the image enters the assembly of beam 
splitters 20 through the second emitting/receiving 

15 surface 223. In the assembly of beam splitters 20, the 
image follows the path of the beam of first wavelength 
rl, and leaves the assembly of beam splitters 20 through 
the fist emitting/receiving surface 213. Next, the image 
passes the ocular lens 37, and the user sees the target 

20 (not shown) clearly. 

The emitter 36 includes a laser diode 361 and a lens 
set 362, and emits an infrared beam. The infrared beam 
enters the assembly of beam splitters 20 through the 
third emitting/receiving surface 231 of the complementary 

25 prism 23. Thus, the infrared beam follows the path of the 
beam of second wavelength r2, and leaves the assembly of 
beam splitters 20 through the second emitting/receiving 
surface 223. The infrared beam passes the first object 
lens 34 and travels toward the target. Next, the target 

30 reflects the infrared beam, and portion of the reflected 
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infrared beam passes the second object lens 38 to enter 
the receiving optical system 32. Finally, the detector 39 
receives the infrared beam. The optical rangefinder 30 
bases on a round-trip flight-time of the infrared beam, 
5 and obtains the distance. 

The display 35, such as a liquid crystal display, a 
LED display...etc . , actively emits a beam with narrow band 
and shows the distant values. The display 35 emits a beam 
with predetermined wavelength and enters the assembly of 

10 beam splitters 20 through the fourth emitting/receiving 
surface 232 of the complementary prism 23. Fig. 5 
schematically shows a transmitted spectrum of a film 
formed between a triangle prism and a complementary 
prism. Referring to Figs. 4 and 5, when the display 35 

15 emits a beam of 550 nm, the beam follows the path of the 
beam of third wavelength r3. The beam of 550 nm enters 
the assembly of beam splitters 20, and leaves it through 
the first emitting/receiving surface 213. The beam of 550 
nm passes the ocular lens 37 and will be received by the 

20 user. Thus, the user obtains the distance by seeing the 
data shown on display. 
Second Embodiment 

Fig. 6 schematically shows an optical rangefinder 
using the assembly of beam splitters. As shown in Fig. 6, 

25 the optical rangefinder 50 includes an emitting optical 
system 52 and a viewing/receiving optical system 51. The 
viewing/receiving optical system 51 includes a fist 
object lens 54, the assembly of beam splitters 20 
mentioned above, a display 55, a detector 59 and an 
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ocular lens 57. The emitting optical system 52 includes a 
second object lens 58 and an emitter 56. 

Image of visible light produced by a target enters 
the optical rangefinder 50 through the fist object lens 
5 54, and then the image enters the assembly of beam 
splitters 20 through the second emitting/receiving 
surface 223. In the assembly of beam splitters 20, the 
image follows the path of the beam of first wavelength 
rl, and leaves the assembly of beam splitters 20 through 
10 the first emitting/receiving surface 213. Next, the image 
passes the ocular lens 57, and the user sees the target 
clearly . 

The emitter 56 includes a laser diode 561 and a lens 
set 562, and emits an infrared beam. The infrared beam 

15 passes the second object lens 58, and travels toward the 
target. The target reflects the infrared beam, and 
portion of the reflected infrared beam passes the fist 
object lens 54 to enter the viewing/receiving optical 
system 51. In the viewing/receiving optical system 51, 

20 the infrared beam enters the assembly of beam splitters 
20 through the second emitting/receiving surface 223 of 
the triangle prism 22, and follows the path of the beam 
of second wavelength r2 . Thus, the infrared beam leaves 
the assembly of beam splitters 20 through the third 

25 emitting/receiving surface 231 of the complementary prism 
23,. and is received by the detector 59. The optical 
rangefinder 50 bases on a round-trip flight-time of the 
infrared beam, and obtains the distance between the 
optical rangefinder and the target. 
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The display 55, such as a liquid crystal display, a 
LED display... etc. , actively emits a beam with narrow band 
and shows the distant values. The display 55 emits a beam 
with predetermined wavelength and enters the assembly of 
5 beam splitters 20 through the complementary prism 23 of 
the fourth emitting/receiving surface 232. Fig. 5 
schematically shows a transmitted spectrum of a film 
formed between a triangle prism and a complementary 
prism. Referring to Figs. 5 and 6, when display 55 emits 

10 a beam of 550 nm, the beam follows the path of the beam 
of third wavelength r3. The beam of 550 nm enters the 
assembly of beam splitters 20, and leaves it through the 
first emitting/receiving surface 213. The beam of 550 nm 
passes the ocular lens 57 and will be received by the 

15 user. Thus, the user obtains the distance by seeing the 
data shown on display. 
Third Embodiment 

Fig. 7 schematically shows an optical rangefinder 
using the assembly of beam splitters. As show in Fig. 7, 

20 the optical rangefinder 70 includes a receiving optical 
system 72 and a viewing/emitting optical system 71. The 
viewing/emitting optical system 71 includes a first 
object lens 74, the assembly of beam splitters 20 
mentioned above, a display 75, an emitter 76 and an 

25 ocular lens 77. The receiving optical system 72 includes 
a second object lens 78 and a detector 79. 

Image of visible light produced by a target enters 
the optical rangefinder 70 through the first object lens 
74, and then the image enters the assembly of beam 

30 splitters 20 through the first emitting/receiving surface 
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213. In the assembly of beam splitters 20, the image 
follows the path of the beam of first wavelength rl, and 
leaves the assembly of beam splitters 20 through the 
second emitting/receiving surface 223. Next, the image 
5 passes the ocular lens 77, and the user sees the target 
(not shown) clearly. 

The emitter 76 includes a laser diode 761 and a lens 
set 762, and emits an infrared beam. The infrared beam 
enters the assembly of beam splitters 20 through the 

10 fourth emitting/receiving surface 232 of the 
complementary prism 23. Thus, the infrared beam follows 
the path of the beam of third wavelength r3, and leaves 
the assembly of beam splitters 20 through the first 
emitting/receiving surface 213. The infrared beam passes 

15 the first object lens 74 and travels toward the target. 
Next, the target reflects the infrared beam, and portion 
of the reflected infrared beam passes the second object 
lens 78 to enter the receiving optical system 72. 
Finally, the detector 79 receives the infrared beam. The 

20 optical rangefinder 70 bases on a round-trip flight-time 
of the infrared beam, and obtains the distance. 

The display 75, such as a liquid crystal display, a 
LED display.. . etc . , actively emits a beam with narrow band 
and shows the distant values. The display 75 emits a beam 

25 with predetermined wavelength and enters the assembly of 
beam splitters 20 through the third emitting/receiving 
surface 231 of the complementary prism 23. Fig. 5 
schematically shows a transmitted spectrum of a film 
formed between a triangle prism and a complementary 

30 prism. Referring to Figs. 7 and 5, when the display 75 
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emits a beam of 550 nm, the beam follows the path of the 
beam of second wavelength r2 . The beam of 550 nm enters 
the assembly of beam splitters 20, and leaves it through 
the second emitting/receiving surface 223. The beam of 
5 550 nm passes the ocular lens 77 and. will be received by 
the user. Thus, the user obtains the distance by seeing 
the data shown on display. 
Fourth Embodiment 

Fig. 8 schematically shows an optical rangefinder 

10 using the assembly of beam splitters. As show in Fig. 8, 
the optical rangefinder 90 includes an emitting optical 
system 92 and a viewing/receiving optical system 91. The 
viewing/receiving optical system 91 includes a first 
object lens 94, the assembly of beam splitters 20 

15 mentioned above, a display 95, a detector 99 and an 
ocular lens 97. The receiving optical system 92 includes 
a second object lens 98 and an emitter 96. 

Image of visible light produced by a target 
enters the optical rangefinder 90 through the first 

20 object lens 94, and then the image enters the assembly of 
beam splitters 20 through the first emitting/receiving 
surface 213. In the assembly of beam splitters 20, the 
image follows the path of the beam of first wavelength 
rl, and leaves the assembly of beam splitters 20 through 

25 the second emitting/receiving surface 223. Next, the 
image passes the ocular lens 97, and the user sees the 
target (not shown) clearly. 

The emitter 96 includes a laser diode 961 and a lens 
set 962, and emits an infrared beam. The infrared beam 

30 passes the second object lens 98, and travels toward the 
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target. The target reflects the infrared beam, and 
portion of the reflected infrared beam passes the fist 
object lens 94 to enter the viewing/receiving optical 
system 91. In the viewing/receiving optical system 91, 
5 the infrared beam enters the assembly of beam splitters 
20 through the first emitting/receiving surface 213 of 
the roof-prism 21, and follows the path of the beam of 
third wavelength r3. Thus, the infrared beam leaves the 
assembly of beam splitters 20 through the fourth 

10 emitting/receiving surface 232 of the complementary prism 
23, and is received by the detector 99. The optical 
rangefinder 90 bases on a round-trip flight-time of the 
infrared beam, and obtains the distance between the 
optical rangefinder and the target. 

15 The display 95, such as a liquid crystal display, a 

LED display.. . etc. , actively emits a beam with narrow band 
and shows the distant. The display 95 emits a beam with 
predetermined wavelength and enters the assembly of beam 
splitters 20 through the complementary prism 23 of the 

20 third emitting/receiving surface 231. Fig. 5 
schematically shows a transmitted spectrum of a film 
formed between a triangle prism and a complementary 
prism. Referring to Figs. 7 and 5, when display 95 emits 
a beam of 550 nm, the beam follows the path of the beam 

25 of second wavelength r2 . The beam of 550 nm enters the 
assembly of beam splitters 20, and leaves it through the 
second emitting/receiving surface 223. The beam of 550 nm 
passes the ocular lens 77 and will be received by the 
user. Thus, the user obtains the distance by seeing the 

30 data shown on display. 
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The assembly of beam splitters combines the optical 
paths of different beams together. Thus, the beams from 
different directions are traveled in the same direction. 

In this invention, the display can use the Organic 
5 Light-Emitting Diode. 

In the optical rangefinder using the assembly of 
beam splitters of the invention, the infrared beam from 
the emitter and the image produced by the target pass the 
same object lens; and the beam with narrow band from the 
10 display and the image produced by the target pass the 
same ocular lens. 

Because the optical rangefinder of the invention use 
a display which actively emits light, the optical 
rangefinder can show the distant value in the dark 
15 environment. 

While the preferred embodiment of the present 
invention has been . described, it is to be understood that 
modifications will be apparent to those skilled in the 
art without departing from the spirit of the invention. 
20 The scope of the invention, therefore, is to be 
determined solely by the following claims. 
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